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Introduction 
Bronchial asthma is characterized by recurrent 
local infiltration and activation of inflam- 
matory and immunoeffector cells, including 
T-lymphocytes, macrophages, eosinophils and 
mast cells (1,2). In susceptible individuals, this 
inflammation is associated with increased 
bronchial reactivity to a variety of stimuli and 
widespread airway limitation, and is at least 
partially reversible either spontaneously or with 
treatment (l-3). Changes consistent with a 
chronic inflammatory process involving the 
mucosal surface have been documented in asth- 
matics at post-mortem examination or in vivo by 
open lung biopsy, bronchial biopsy, broncho- 
alveolar lavage and induced sputum (1,4-7). The 
overall hypothesis is that, at least in atopic 
asthma, eosinophil accumulation that follows 
allergen exposure is controlled by cytokines 
released by T-cells and by cells bearing the high- 
or low-affinity receptor for immunoglobulin E 
(IgE), i.e. mast cells, monocytes and macro- 
phages, and possibly eosinophils and epithelial 
cells (2,3,8). Recruited and/or stimulated inflam- 
matory cells release a variety of products able to 
contract airway smooth muscle, increase micro- 
vascular leakage, activate different neurons, 
stimulate mucus-secreting cells, damage the 
bronchial structures and produce structural 
changes in the airways (l-4,7-10). The mech- 
anisms by which these inflammatory changes are 
Correspondence should be addressed to: G. A. Rossi, 
Divisione di Pneumologia: Istituto G. Gaslini, 1614% 
Genoa, Itaiy. 
0954-6111/97/060323+04 $12.00/O 
linked in asthmatic patients to bronchial hyper- 
responsiveness and airflow limitation are, how- 
ever, not completely clear (l-3). In addition, 
although the possibility to sample the airways by 
endoscopic procedures has greatly increased our 
understanding of asthma mechanisms, all tech- 
niques used have sampling limitations and 
errors, related to the characteristics of a disorder 
that may vary in its expression at different sites 
along the bronchial tree (11). This may explain 
the difficulties that many investigators have 
found in relating the cellular responses to indices 
of clinical activity. 
Site of Airway Narrowing in Asthma 
During an asthma attack, the severity of narrow- 
ing varies greatly between parallel airways. 
Despite many investigations, attempts to deter- 
mine the serial site of airway narrowing have 
been relatively inconclusive (12). Studies on 
‘fixed’ pathology of the airways cannot provide 
a complete answer because so much of the 
airway narrowing in this disorder is likely to be 
related not only to airway wall thickening, but 
also to transient mechanisms of smooth muscle 
contraction, mucosal swelling and luminal 
secretion. A variety of physiological approaches 
have suggested that functional abnormality of 
peripheral airways is usually present in asthma, 
even during remission, while the involvement of 
larger conducting airways may vary between 
individuals and between attacks in an individual 
(12,13). Measurements before and after deep 
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inhalation suggest that easily reversible airway 
narrowing (such as that induced by histamine, 
methacholine or exercise) may chiefly involve 
central airways, while the less reversible changes 
of spontaneous asthma and the late reaction to 
allergens may be in more peripheral airways 
(13,14). 
Methods to Evaluate Airway 
Inflammation in Asthma 
A parallel important question is whether the 
inflammatory changes present at the surface of 
proximal airways are quantitatively and/or 
qualitatively similar to those present in periph- 
eral airways. Bronchial biopsies (BB) have been 
used to evaluate the inflammatory characteristics 
of the airways in patients with mild asthma, and 
have demonstrated eosinophil infiltration, acti- 
vation of mononuclear cells, a variable degree of 
epithelial disruption and subendothelial fibrosis 
(15,16). However, biopsy studies have limita- 
tions since they can only provide information on 
proximal airways. In addition, since it has been 
shown that inflammatory changes in asthma are 
patchy, it is difficult to make correlations 
between histological abnormalities and asthma 
severity using BBS (9,17). Recent work suggests 
that the examination of spontaneous and 
induced sputum (IS) may be an effective, non- 
invasive and safe method for obtaining respir- 
atory secretions and cells from asthmatic 
patients. However, IS, similarly to BB, may be 
good for collecting samples mainly from the 
proximal airways rather than the peripheral air- 
ways (18-20). In addition, there is still no agree- 
ment in the literature as to which is the most 
appropriate method of collecting IS for cell 
evaluation, i.e. mucus plugs vs. residual portion 
of expectorate (19,20), and, although it is 
unlikely that the salivary contamination of 
sputum may affect the respiratory cell analysis, 
this may certainly be true for soluble com- 
ponents (20). Finally, lavage procedures during 
fibre-optic bronchoscopy [i.e. bronchial lavage 
(BL) and bronchoalveolar lavage (BAL)] have 
limitations related not only to problems in cor- 
recting the dilution variable when evaluating 
soluble components (21), but also to the possi- 
bility that the cellular composition of the lavage 
Auid may not accurately reflect the inflammatory 
state in the underlying mucosa. Although it is 
possible to collect samples from proximal (BL) 
and peripheral (BAL) airways, some of the 
lavaged cells originate in the alveolar spaces and 
therefore ‘dilute’ the cells derived from the air- 
ways. For these reasons, a variety of studies have 
been performed with the aim of comparing the 
results obtained by examining the different sites 
of the airways using these different procedures in 
processing and evaluating samples. 
Proximal and Peripheral Airway 
Inflammation in Asthma 
Comparisons of the cellular and biochemical 
constituents of IS and ‘bronchoscopic’ samples 
obtained from the same subjects have been 
performed (20,21). As compared to the two 
lavage techniques (i.e. BL and BAL), IS was 
more concentrated in cells and chemicals, and 
had higher percentages of neutrophils and 
eosinophils (21). However, the constituents of IS 
closely resembled those found in BL, confirming 
that the two techniques are both sampling the 
proximal airways (21). Interestingly, although 
airway secretions recovered by BAL are by defi- 
nition admixed with alveolar lining fluid, the 
proportions of ciliated epithelial cells and of 
eosinophils were similar in samples collected by 
IS, BL and BAL. These findings suggest that in 
stable mild asthmatic patients, eosinophilic 
inflammation and airway epithelial damages are 
similar in proximal and peripheral airways (21). 
This conclusion is supported by the study of 
Maestrelli et al. that also demonstrated similar 
proportions of eosinophils in IS and BAL of 
asthmatic patients, and a significant correlation 
between eosinophil numbers in bronchial 
biopsies and eosinophil percentages in IS (20). 
In addition, with all limitations related to 
the possibility that ‘dilutional problems’ may 
underestimate soluble components in samples 
collected with the three techniques, eosinophil 
cationic protein (ECP) levels were similarly 
elevated in IS, BL and BAL of asthmatic 
patients, as compared to normal healthy con- 
trols (21). These results suggest that in stable 
mild asthma, not only eosinophil numbers but 
also their state of activation may be similar in 
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proximal and peripheral airways. Whether this 
may also be true in subjects with more severe 
disease has not been determined. 
Differences Between Early and Dual 
Asthmatic Responders 
Several studies have been designed to evaluate 
the differences between subjects having an 
isolated early asthmatic response (EAR) and 
those with a dual response EAR plus a late 
asthmatic response (LAR). The degree of base- 
line bronchial reactivity, the levels of allergen- 
specific IgE in the airways, the size of the early 
asthmatic response and the concentration of 
the inhaled allergen may be responsible for the 
differences between subjects having an isolated 
EAR (LAR -) and subjects having a dual 
response (LAIR+) (23-27). Using BAL, it has 
been demonstrated that LAR is associated with 
an earlier bronchial recruitment of eosinophils 
after allergen inhalation, suggesting that not 
only the type of cell recruited in the airways but 
also the intensity and/or the time at which the 
recruitment occurs may characterize LAR (16). 
In addition to BAL, other investigators have 
used BL to detect local differences in the proxi- 
mal and the peripheral airways between LAR+ 
and LAR - patients, In this context, Aalbers 
et al. reported a significant increase in BL (but 
not in BAL) eosinophils in LAR+ responders as 
compared to LAR - patients evaluated at base- 
line (28). In the same study, a positive corre- 
lation between blood eosinophil counts and BL 
eosinophilia was found, while no correlation 
was detected with BAL eosinophilia, suggesting 
that ‘proximal’ rather than ‘peripheral’ airway 
inflammation may be the key factor in asthma 
(28). Recently, the present authors have 
observed that 6 h after allergen challenge, but 
not 72 h after, the percentage of both BAL and 
BL eosinophils was higher in LAR+ than in 
LAR - patients, and that eosinophilia was 
associated with higher proportions of epithelial 
cells in BAL in LAR+ patients (29). Comparing 
‘proximal’ vs. ‘peripheral’ airway inflammation, 
a significantly higher proportion of epithelial 
cells in BL, as compared to BAL, was found in 
both LAR - and LAR+ subjects, either 6 or 
72 h after challenge; increased percentages of BL 
eosinophils in LAR+ but not LAR - patients 
was also found (29). Higher allergen deposition 
at ‘proximal’ airway level, during allergen inha- 
lation challenge, may account for the elevated 
numbers of eosinophils and of epithelial cells 
found in BL of LAR+ subjects. Finally, a 
positive correlation between BL and BAL 
eosinophils was demonstrated in both LAR - 
and LAR+ subjects, 72 h after challenge, 
i.e. when the acute pro-inflammatory effects of 
allergen inhalation challenge were likely to have 
gone (29). 
Conclusions 
Studies performed using different procedures of 
collecting, processing and evaluating samples 
obtained from different sites of the airways 
support the concept that at baseline con- 
dition, eosinophilic inflammation and epithelial 
shedding are present and (likely) similar in the 
different airway compartments. The degree of 
eosinophilic inflammation can be higher in the 
proximal airways in LAR+ patients and follow- 
ing experimental (and possibly naturally occur- 
ring) allergen exposure. After allergen challenge, 
epithelial desquamation appears to be more 
pronounced in the proximal than the peripheral 
airways, independent from the type of bronchial 
response shown by the subject. 
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